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EUROPEAN CARS 


PART I, ENGINES 





mobile industry is that the gasoline engine 

and car were invented and brought to a fairly 
advanced state of development in Europe, prior to 
the beginning of the 20th century. In fact, a suc- 
cessful self-propelled vehicle was built in Europe as 
early as 1885 by Gottlieb Daimler. In spite of this 
fact, it has only been since 1945 that European cars 
have received wide attention in the United States. 
Since this time and more particularly during the 
past three years, they have “caught on” and achieved 
considerable public acceptance. This recent interest 
has been brought about by a number of things. How- 
ever, for the purposes of this article, it will suffice 
to say that their recent acceptance may be due to the 
fact that the imports have been able to demonstrate 
a degree of reliability, economy, convenience and 
styling which has caught the public fancy. Relia- 
bility has been improved and greatly assisted by 
many expanded and well stocked parts and service 
organizations. These have been broadened to the 
point where service for almost any European car is 
available in the large metropolitan areas, and for 
many makes service is available throughout the 
country. This, coupled with their traditional ease of 
operation and economy, together with their ability 
to utilize American fuels and oils, has done much 
to popularize the European cars. This popularity has 
reached remarkable proportions. It was estimated 
recently that their penetration into the U.S. new car 


Cr of the little known facts about the auto- 


market had approximated 7 per cent. This means 
that for every one hundred new cars sold, seven of 
the new cars were of European manufacture. 

However, the purpose of this article is not to dis- 
cuss the factors behind this phenomenal growth but 
to examine some of the major design features of 
these cars and to discuss their fuel and lubricant 
requirements. 

While much has been written on the external 
design and styling features of European cars, this 
article will consider the technical aspects and begin 
with the engine, since it is the heart of the vehicle. 
A subsequent issue of ‘Lubrication’ will discuss 
the design features of clutches, transmissions, differ- 
entials and suspensions. Table I (Pages 160-166) 
lists all of the 1957 and 1958 European cars on 
which information is available together with their 
major engine dimensions. The first thing which is 
immediately apparent is that there are almost 200 
different models listed made by some 66 manufac- 
turers. It is also apparent that there are a large num- 
ber of different engine arrangements available. In 
addition, their displacements are small compared to 
the U.S. average. It is also evidenced that the 2 
stroke cycle engine is widely used as is air as a 
direct engine coolant. 

Since only one diesel engine is offered (optional 
in Mercedes-Benz 180D) this article will be mainly 
concerned with gasoline engines. 
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ENGINE ARRANGEMENTS 

Let us first consider the various engine arrange- 
ments which are available. There are single cylinder 
engines, two cylinder engines, two cylinder hori- 
zontally opposed engines, four cylinder in-line, four 
cylinder horizontally opposed, V-8, V-12, and of 
course the conventional straight 6 cylinder in-line 
engine. In addition to these more or less conven- 
tional engines there is the unique three cylinder 
in-line arrangement, as well as the V-4 and V-6 
designs. This large number of variations is unusual 
when compared to those available in this country. 
All of the cars currently manufactured in the United 
States have engine designs using either the four cyl- 
inder in-line, six cylinder in-line, or V-8 cylinder 
arrangement. 


ENGINE DISPLACEMENTS 


Aside from the large number of different engine 
arrangements, there is also a wide range of displace- 
ments used in European cars. As seen in Figure 1, 
they range all the way from 12 cubic inches up to 
304 cubic inches. This does not include those special 
designs, such as the Facel Vega, which use larger 
American engines. The average displacement of all 
European cars is about 120 cubic inches. This is small 
compared to the average of 1958 United States car 
production of 325 cubic inches. As shown in Figure 
1 it is also evident that there are a large number of 
cars having very small relative displacements, many 
of which are below 61 cubic inches and some even 
less than 30 cubic inches. European practice is to 
express engine size in terms of cubic centimeters 
(c.c.) or liters (1.) where one liter is equal to 1000 
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Figure 1 — Distribution of European passenger car engine 
displacement. 
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Courtesy of Fiat, Italy 


Figure 2 — Fiat 500 engine. 


c.c. However, for this discussion, cubic inches will 
be used. For ease of conversion, one liter is equal 
to approximately 61 cubic inches. 

Above this displacement group is the very popu- 
lar 61 to 121.5 cubic inch displacement class (one 
to two liters). This group includes the vast majority 
of all the various models of European cars made. 
Perhaps one reason for the great popularity of this 
general displacement group is that not only are many 
family type sedans or saloons available in this class, 
but the group also includes many high performance 
sports Cars. 

The third general displacement group can be con- 
sidered to include those engines whose cubic capacity 
is above 121.5 cubic inches. This class generally 
includes not only the upper middle price range of 
large family cars but many special models whose 
designs first appeared in former Grand Prix racing 
cars. Also included in this class are the few special 
makes using a large U.S. engine. 


The Under61 Cubic Inch Displacement Group 

Since cars having displacements under 61 cubic 
inches are very popular in Europe, an examination 
of the economics involved will help to explain this 
great popularity. One of the reasons is the high 
price of gasoline in the European area which gener- 
ally runs from two to five times that of the United 
States. In addition to this, a purchase tax is imposed 
on the car which may be as much as 50 per cent of 
the list purchase price. In many cases, it is based on 
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engine size. To reduce this tax and therefore broaden 
the market potential, engine sizes are kept small. 
Aside from these points, perhaps the major factor 
is the economic level of the available purchasing 
market. This is much lower than in this country and 
makes a real economy car almost mandatory if per- 
sonal family transportation needs are to be met. The 
wide range of prices available are also necessary since 
it is not uncommon for a man to advance from a 
bicycle to a motor scooter and thus to successive sizes 
of small cars as his economic status improves with 
the years. While much of this movement is done in 
the used car market, a relatively low new car price 
must be established to make this possible. 


Design Economies of the Small Car 


A study of these designs will do much to explain 
why many of the economy cars can be made so 
cheaply. The first point, engine size, has already 
been covered. It is obvious that if only from a 
material standpoint, small engines can be made 
more cheaply than large engines. The second point 
is that many manufacturers use one or two cylinder 
air-cooled engines which do away with the necessity 
for a radiator and attending complications. This is 
a logical approach to the cooling and cost problem 
and is ideally suited to small engines. It is also ideal 
since it permits the use of many air-cooled designs 
which originated as motorcycle engines, and thus 
have had their “trial by fire”. There are many cars 
using air cooled engines, among which are the BMW 
Isetta 300 and 600, Citroen 2CV, the Deutsch- 
Bonnet, the Fiat 500, the Goggomobil, the Lloyd, 
the Messerschmitt, the Dyna Panhard, and the Styer- 
Puch 500. An excellent example of this general 
design is shown in Figure 2 which depicts the Fiat 
500 engine. Another interesting and economical 
design is found in the Citroen 2CV. In addition to 
being air-cooled, the Citroen 2CV engine contains 
additional design economies such as a three piece 
crank shaft and solid connecting rods. These are 
assembled on the crankshaft prior to the final assem- 
bly which is accomplished by pressing the two crank 
shaft halves into the central oval web. Although 
this requires special tools for both assembly and dis- 
assembly, it does reduce the number of machining 
operations required and therefore lowers costs. This 
engine also dispenses with the distributor, and by 
using a simple crankshaft-operated set of contact 
points, causes both spark plugs to fire on each engine 
revolution. The spark plug is thus fired at the end 
of the compression stroke to ignite the charge and 
again as the exhaust stroke is completed. However, 
the additional firing of the spark plug is of no con- 
sequence since there is no combustible gas to ignite 
in the cylinder during the exhaust stroke. 

Design and construction economies do not always 


S Courtesy of Lloyd Motoren Werke GMBH, Guna 


Figure 3 — Lloyd 600 engine with single overhead camshaft. 


dominate the small air-cooled engines, as illustrated 
by the Lloyd 600 which is shown in Figure 3. This 
engine makes use of an overhead camshaft, which 
shortens the valve train by eliminating push rods 
and lifters, thereby reducing thermal effects on 
valve lash and avoiding such compensating devices 
as hydraulic lifters. It also provides one method 
for inclining the valves to give a hemispherical com- 
bustion chamber. In addition to this, the connecting 
rods are mounted on the crankshaft by mean of 
roller bearings. These points usually entail a greater 
manufacturing expense, however prevailing labor 
and engineering costs apparently allow the econom- 
ical use of these relatively expensive design features. 


Lubrication of Four-Stroke Air-Cooled Engines 
The four-stroke engine requires four separate 
motions of the piston (two crankshaft revolutions) 
to perform induction, compression, firing and ex- 
haust, and thereby obtain one power stroke. Some 
air-cooled four stroke engines may be difficult to 
lubricate since the use of air-cooling tends to in- 
crease the operating temperatures of the engine and 
thereby imposes a heat load on the lubricant greater 
than would normally be encountered in a water 
cooled engine. It had been traditional that four- 
stroke air-cooled engines used only straight mineral 
oils unfortified with any additive to improve their 
operating characteristics or to promote engine clean- 
liness. This was done on the false premise that addi- 
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Upward (compression) stroke com- 
Presses mixture in cylinder ‘‘D'' 
in preparation for ignition. 
Simultaneously, it creates a par- 
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The resulting combustion pressure 
forces the piston downward 
(power stroke) furnishing power 
to turn the propeller. As piston 


tial vacuum in the crankcase so 
that, as intake port ‘'A'’ is un- 
covered fuel-oil-air mixture for a 
new charge flows in from the cor- 
buretor. At the end of the upward 
(compression) stroke, spark plug 
“*G'' ignites the compressed 
mixture, 


descends it closes intake port *‘A"’ 
and compresses mixture charge in 
the crankcase. Towards the end of 
the stroke exhaust port ‘‘E'’ is 
opened; then bypass port ‘'C'' is 
opened which permits new mix- 
ture to flow into cylinder ‘'D'', 
displacing the burned gases 
through exhaust port *‘E'’. 


Figure 4 — Operation of a two stroke cycle engine. 


tive type oils might increase combustion chamber 
deposits and therefore presumably contribute to 
combustion difficulties such as detonation or surface 
ignition. However, under severe temperature condi- 
tions, the oil with no additives has insufficient resist- 
ance to oxidation and tends to cause varnish as well 
as deposit formations, particularly around the piston 


rings. This in turn promotes oil consumption which 
adds to the combustion chamber deposits and leads 
to the very things that were to be avoided, namely 
combustion chamber deposits. Arguments on these 
points have raged for many years but it is only re- 
cently that manufacturers of four stroke air-cooled 
engines have approved the use of ‘HD”’ type oils 
for use in their engines. Among these are BMW 
Isetta, Fiat, Lloyd, Panhard, Porsche, and Volks- 
wagen, All of these except Porsche also permit the 
use of Multi-Grade oils like the 10W-30. 


Use of Two-Stroke Engines 

Although the four-stroke air-cooled engine is very 
popular, not all of the small air-cooled engines use 
this operating principle. Many have adopted the two 
stroke principle wherein the cylinder fires every rev- 
olution of the crank-shaft. The two-stroke engine 
operating cycle is quite simple and is shown in 
Figure 4. A complete power cycle consisting of 
induction, compression, firing, and exhaust is accom- 
plished with only one up and down motion of the 
piston. This is why such an engine is called a two- 
stroke engine. 

Since the mixture is first taken into the crank- 
case and then transferred to the cylinder, the two- 
stroke design tends to give a rough idle, but has 
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excellent reliability. Among its advantages are that 
valve adjustments are not necessary. Also, good per- 
formance can be obtained from a relatively modest 
engine size. However, this design does impose a 
slight economy penalty. This is caused by its oper- 
ating cycle which requires that inlet gases, under 
pressure, be used to scavenge the exhaust gases re- 
maining from the previous power stroke. By proper 
selection of the crankcase scavenging pressure and 
careful intake and exhaust port placement, this pen- 
alty can be held to very modest limits. The Goggo- 
mobil T-400 engine is a good example of this type 
of design and is shown in Figure 5 (which also 
shows the combined clutch and transmission) . 


Lubrication of Two-Stroke Engines 

Lubrication of the two-stroke engine requires an 
entirely different technique from that which is used 
for the conventional four-stroke designs. Most four- 
stroke engines use the crankcase as an oil sump from 
which the oil is circulated either by a pressure or a 
splash system. However in the two-stroke engine, 
the crankcase is used to compress the incoming fuel- 
air charge and push it into the cylinder through a 
port in the cylinder wall as the piston comes to the 
bottom of its stroke. Under these conditions oil can- 
not be retained in the crankcase and must be supplied 
by some other means. Traditionally this has been 
done by mixing the oil with the fuel in some pro- 
portion so as to provide lubrication for the moving 
parts of the engine. It is usual to use oil-fuel ratios 
of from 1:25 to 1:40. This means that for every 25 
gallons of gasoline burned, one gallon of oil is also 
burned. This oil consumption rate is from six to ten 
times that experienced in most European four-stroke 


Courtesy of Goggomobil, Germany 


Figure 5 — Goggomobil T-400 two-stroke cycle engine with 
clutch and transmission. 
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Courtesy of Renault, France 
Figure 6 — Renault Dauphine four cylinder in-line water- 
cooled engine. 
engines and accounts for the fact that straight min- 
eral oils are usually recommended for two-stroke 
engines. 

While the foregoing discussion may indicate that 
all economy cars are air-cooled, this is not so. By 
referring to Table I it can be seen that there are many 
cars which use more or less conventional four-cylin- 
der in-line engine arrangements. Some of these 
engines, although water cooled are only slightly 
larger than the air-cooled engines. 

Among these are the Austin A-35, Austin-Healey 
Sprite, the Fiat 600 Mutipla and 1000 TV, the Ford 
Taunus 15M, the Goliath GP 900 E and 1100, the 
Kieft MT-1, the Morris Minor 1000, the Renault 
4-CV and Dauphine, and the Standard Eight. A 
typical engine of this general class is the Renault 
Dauphine which is shown in Figure 6. Also in this 
general displacement class is the Lancia Appia shown 
in Figure 7. This is a most unusual design having a 
four cylinder ‘Vee’ type of cylinder arrangement 
staggered so that the angle between the two banks 
of cylinders is only 12°. 

Another unique engine design in the small dis- 
placement class is the DKW and Saab engine. This 
engine has only three cylinders arranged in-line and 
operates on the two stroke cycle with water cooling. 
It was developed by DKW and is used by Saab 
under a licensing agreement. In its larger size as 
made by DKW it produces 40 BHP at 4250 RPM. 
The Saab version gives 38 BHP at 5000 RPM and is 
shown in Figure 8. The recently announced Saab 
Gran Turismo 750 uses the same engine in a higher 
state of “‘tune’’ and develops 50 BHP at 5000 RPM. 





Courtesy of " Antomebile Engineer,’’ London, England 


Figure 7 — Lancia Appia V-4 engine. 


When this engine is equipped with a factory sup- 
plied racing kit, it can deliver 57 HP. This car is not 
in the true economy class despite its displacement 
since it is equipped with many extras which place 
it well up in the price range. Also in this general 
displacement category are the Lotus and small OSCA 
models. Both of these are primarily racing engines 
which utilize a double overhead cam design. 

A word about engine ‘‘tune”’ may be in order here. 


Courtesy of Saab, Sweden 


Figure 8 — Saab 93B three cylinder two-stroke cycle engine 
with gearbox and differential unit attached. 
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Courtesy of Standard-Triumph Motor Car Co., Inc., New York 


Figure 9 — Triumph TR-3 four cylinder engine showing wet 
cylinder liners. 


Generally, the more highly tuned engines have had 
greater attention paid to obtaining the maximum 
power output of which that particular design is 


capable. This usually entails several modifications 
so as to improve engine “breathing”. Among these 
are the use of multiple carburetors, and the increas- 
ing of intake port areas. Camshaft modifications are 
also made so as to cause the valves to stay open 
longer. In addition to these changes, compression 
ratios and engine speeds are also increased. Higher 
engine speeds, together with the increased “breath- 
ing” ability, allows the engine to burn a greater 
amount of fuel in a given time and thus do more 
work. An increase in compression ratio extracts more 
useful work from the fuel that is being burned. All 
of these modifications improve the power output of 
an engine, but at the same time, increase the stresses 
to which the engine is subjected. 

In keeping with the high price of gasoline in the 
British and European areas, many of these small 
cars have exceptional fuel economies. These range 
all the way from 30 miles per U.S. Gallon (MPG) 
to over 60 MPG. These higher values are only ob- 
tainable from the very small economy cars having 
displacements of 30 cubic inches or less. The average 
of the cars in this general displacement is around 
35-40 MPG under normal intercity driving condi- 
tions where excessive speeds are not maintained. 


Four-Stroke Water-Cooled Engine Lubrication 
The lubrication requirements of these small dis- 
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placement four-stroke water cooled engines are not 
severe. All of these engines except the strictly racing 
models have so called “wet” sumps in which all of 
the engine oil is carried and circulated from the 
crankcase and there is no outside oil tank. The oil 
capacities of these small engines is rather large com- 
pared to engines of larger displacement. A majority 
of the engines carry oil charges ranging from 
2.6 to 3.9 quarts. However, the Renault 4-CV uses 
only 2.1 quarts, whereas the OSCA 1100 uses 6.3 
quarts. Since all of these engines are under 70 cubic 
inch displacement, their displacement per quart of 
oil is much lower than the larger European cars and 
that of the average American car. The relatively 
large oil charge further reduces the demands placed 
on the oil by these small engines under normal driv- 
ing conditions. However, under cold weather condi- 
tions, a longer time must be taken to insure complete 
warm up of the engine since there is a relatively 
large volume of oil involved. 


The 61 to 121.5 Cubic Inch 
Displacement Group 


The next displacement group above the strictly 
economy cars, are those engines whose sizes range 
from 61 to 121.5 cubic inches. This group includes 
many of the sports cars and a large number of 
medium size family sedans. Well over 50 per cent 
of all European car models are in this displacement 
range. Their popularity is probably due to the fact 
that reasonable economy, as well as acceptable per- 
formance can be obtained with engines in this dis- 
placement class. Their gasoline economy, while not 
in the 35 and up MPG range of the economy cars, 
is an acceptable 25 to 35 MPG under normal driving 


Courtesy of Volkswagen GMBH, Germany 


Figure 10 — Volkswagen four cylinder horizontally opposed 
air-cooled engine. 
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conditions. Performance, although not up to the 
average of U.S. production cars, is acceptable by 
European standards. While many of these engine 
designs have relatively modest displacements, they 
are available in several states of tune. This makes it 
possible to utilize the same engine in both the family 
sedan and its sports car counterpart. The MG, the 
Triumph TR-3, the Morgan, the Mercedes-Benz 190 
SL and the Alfa Romeo Veloce are a few examples 
where a more highly tuned version of a basic engine 
is used in a sports car. 

Together with this interchange of engines within 
a specific make, there is also considerable inter- 
change of basic engines between cars. This is par- 
ticularly true of those cars manufactured by the 
British Motor Corporation. This company makes 
three basic engines, their ““A’’, ““B’, and “C’’ sizes. 
The “A” engine is used only in the Austin A-35 and 
Morris Minor. The “B” engine is used in the Austin 
A-50 and A-55, the Morris Oxford and Cowley, the 
Wolseley Fifteen-Fifty and Fifteen Hundred, the 
MG Magnette and MGA, and the Metropolitan 
(which is made for sale by Nash Motors Division 
of American Motors in the United States) . The ‘'C”’ 
engine is used in the Austin A-95 and A-105, the 
Wolseley Six-Ninety, and the Austin-Healey 100- 
Six. To a lesser degree, the Rootes Group in England 
also makes multiple use of a basic engine. This com- 
pany uses the same engine in both their Sunbeam 
Rapier and their Hillman Minx and Hillman Hus- 
ky Series 1. It is also a well-known fact that Rolls- 
Royce and Bentley use the same engine. 

Most of the engine designs in this displacement 
range are four-cylinder in-line, four-cycle water 
cooled engines, although some of the larger cars use 
a different cylinder arrangement. Among these are 
AC, Frazer-Nash, Vauxhall, Porsche, and Volks- 
wagen. Both AC and Frazer-Nash use six-cylinder 
in-line engines in all models, whereas Porsche and 
Volkswagen utilize four-cylinder horizontally op- 
posed air-cooled engines in all models. A typical 
example of the four-cylinder in-line engine is the 
Triumph TR-3 engine shown in Figure 9. The hori- 
zontally opposed four-cylinder air-cooled Volks- 
wagen engine is shown in Figure 10. 


The Over 121.5 Cubic Inch 
Displacement Group 


Above 121.5 cubic inches are the larger displace- 
ment engines usually used in the upper middle 
priced and high priced cars. While a few of these 
engines are four-cylinder in-line, a vast majority are 
six-cylinder in-line. All are water cooled, except for 
the Tatra air-cooled V-8 engine. One of the most 
widely known engines is the Jaguar XK 150 engine 
shown in Figure 11. While this is a fairly large 
engine, with a displacement of 210 cubic inches, it 


Courtesy of Jaguar Cars Ltd., England 


Figure 11 — Jaguar XK-150 engine showing double overhead 
camshafts and twin S.U. side draft carburetors. 


is an excellent example of a good and efficient design 
found in the quality imported car. Also in this large 
displacement class are found several V-8 engines 
and one V-12. The V-8 engines are found in such 
automobiles as BMW (Bayerische Motoren Werke 
AG), which is shown in Figure 12, the Maserati, 
the Simca Vidette, and the Tatra which was men- 
tioned above. The V-12 engine is used only by the 
Italian Ferarri. An unusual V-6 engine is found in 
the Lancia, which is also produced in Italy. This 
engine is composed of two banks of three cylinders 
each, having a 60° included angle between the two 
banks of cylinders. 

In spite of the large difference in size between 


Courtesy of Bayerische Motoren Werke AG, Germany 


Figure 12 — BMW 507 V-8 engine showing general arrange 
ment of cylinders and valve gear. 
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Courtesy of Ford Werke AG, Germany 


Figure 13 — Ford Taunus 17 M engine showing pushrod 
operated overhead valve system. 


the average United States and European car engine, 
both develop comparable power per unit of displace- 
ment. The average specific output of all 1958 United 
States production is 0.78 BHP /cubic inch compared 
to an average of 0.77 BHP /cubic inch for all Euro- 
pean engines. Specific output refers to the usable 
horsepower that can be obtained from a unit of 
engine displacement. A value of 0.5 BHP/cubic 
inch indicates that only one-half a horsepower can 
be obtained for each cubic inch of engine displace- 
ment. The higher the number, the better utilization 
the engine designer has made of the available dis- 
placement. A high number, therefore, indicates a 
more highly tuned and stressed engine, but does not 
necessarily predict fuel economy. Usually a highly 
tuned engine will give poorer fuel economy than an 
untuned version of the same design. Maximum en- 
gine speeds are also higher in European cars than 
those normally encountered in United States pro- 
duction. These may frequently exceed 5000 RPM, 
whereas the maximum engine speeds of current 
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United States production cars rarely reach this value. 

Aside from the similarity of the average specific 
outputs of both United States and foreign cars, there 
are many European cars whose specific output ex- 
ceeds 1.0, whereas only one United States manufac- 
turer exceeds 0.88 BHP/cubic inch. This high value 
is not limited to racing engines but is obtained by 
several production engines which are meant to be 
used by the general public. Among these are the 
Alfa Romeo Super Sprint, Jaguar Mark VIII and 
XK 150, Aston-Martin DB-2, Frazer-Nash Sebring 
and Turismo, Mercedes-Benz 190 SL and 300 SL, 
MG Twin Cam, Maserati, Porsche 1500 GS and 
Spyder, and the Saab GT 750. These relatively high 
values attest to the degree of tune which is in com- 
mon use in many European engine designs. How- 
ever, these high specific outputs are usually found 
only in those cars where high performance is desired. 
As indicated in Table I, the majority of European 
cars have more modest specific outputs. In the United 
States, where there are no restrictions on engine 
size, satisfactory performance is obtained by using 
a bigger engine. Therefore, there is no need to use 
such refined designs. 


VALVE SYSTEMS 
Although physical engine size and power output 
are the most noticeable differences when discussing 
European cars, there are many other design features 


Courtesy of Studebaker-Packard Corp., South Bend, Indiana 


Figure 14 — Mercedes-Benz 190 SL engine showing single 
overhead camshaft and valves, 
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Courtesy of The Rover Co. Lid., England 


Figure 15 — Singer Gazelle engine showing single overhead 
camshaft and valves. 


which vary considerably from what are normaily 


found in those cars manufactured in the United 
States. For example, all American cars use either a 
push rod operated overhead valve arrangement or 
an “L” or “F” head valve arrangement. In the push 
rod operated overhead valve system, the camshaft is 
mounted in the cylinder block and valve motion is 
-transmitted through a system of push rods and rock- 
ers. This design is extensively used by almost all of 
the European cars of which typical examples are 
found in the Renault Dauphine and Ford Taunus 17 
M engines which are shown in Figures 6 and 13. This 
valve operating system has several advantages, one 
of which is that it permits the placing of both the 
intake and exhaust valve in the cylinder head. Such 
an arrangement allows a smoother gas flow path and 
a high compression ratio, both of which permit a 
higher specific output than can be obtained in either 
the ‘‘L” or “F” head designs. In addition, manufac- 
turing costs are relatively low. No complicated cam 
drive mechanisms are needed since the camshaft is 
relatively close to the crankshaft. 

Aside from engine design refinements such as the 
overhead valve system, higher specific outputs are 
also obtainable through the use of higher engine 
speeds. This is particularly true of European cars 
where displacements are limited. Due to the limita- 
tions of valve system inertia, a push rod operated 


system generally does not give satisfactory results 
at high engine speeds. At greater speeds, valve “float” 
and ‘‘bounce’”’ occur. These can best be described as a 
situation where the engine RPM is so high that the 
valve springs, which close the valve, are insufh- 
ciently strong to overcome the valve system inertia. 
Under these conditions, the valve motion does not 
follow the cam profile and the valve stays open 
longer than it should. In some cases the valve may 
be struck as the piston comes to the top of its stroke, 
thus causing both piston and valve damage. Aside 
from these rather serious results, valve breakage may 
also occur due to the severe forces imposed on the 
valve resulting from its uncontrolled motion. Simi- 
lar destructive forces may also cause camshaft and /or 
tappet distress. In addition to possible structural 
damage, valve float causes a loss of power which 
also limits the maximum obtainable engine speed. 
Valve float can be controlled to some extent by the 
use of heavier or dual valve springs which increase 
the closing spring pressure to which the valve is sub- 
jected. However, this remedy tends to overstress the 
valve system if carried too far. 

This problem is not too serious in the majority 
of European cars since the maximum possible power 
output is not needed or desired in the family sedan. 
In the United States, displacements are sufficiently 
large to permit sufficient power development at 
engine speeds below the point where valve float 
becomes a problem. 

However, sports and racing cars, since their dis- 








Courtesy of Alfa Romeo, Italy 


Figure 16 —Alfa Romeo Giulietta engine showing double 
overhead camshafts and valves. 
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placements are usually limited by class or formula, 
must use high engine speeds for maximum power 
development and, therefore, have turned to other 
means of overcoming this problem. This is done 
through the use of either one or two overhead cam- 
shafts. These designs place the camshaft near the 
valve and thereby reduce the number and weight of 
the valve train parts. This in turn reduces the valve 
system inertia. Single overhead camshaft designs are 
somewhat more expensive than the push rod oper- 
ated valve systems, but they do meet most of the 
requirements for a valve system that is to be oper- 
ated at high speeds. Typical examples of single over- 
head cam designs are shown in Figures 14 and 15 
which depict the Mercedes-Benz 190 SL engine and 
the Singer. Other engines such as the AC, Lloyd, 
Lotus and Maserati also use this general design. 
Referring to Figures 14 and 15, it can be seen that 
this design transmits motion to the valve through 
very short, relatively light weight rocker arms which 
have low inertia. Using this design, engine speeds 
over 6000 RPM are not uncommon. 

A further refinement of this design is the use of 
double overhead camshafts. This is used in several 
engines such as the Jaguar XK-150 and Alfa Romeo 
which are shown in Figures 11 and 16. This arrange- 
ment further reduces the valve system inertia and 
permits the highest attainable engine RPM of any 
conventional valve system design. 

Since the valve motion of all of the above systems 
is not positively controlled and is entirely governed 
by the ability of the valve springs to make the valve 
system follow the prescribed cam motion, valve float 
can occur in any of these arrangements if the engine 
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17 — Schematic diagram of a Desmodromic valve 
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Courtesy of Neckarsulm Werke AG, Germany 


Figure 18 —N.S.U. Prinz Il engine showing articulated over- 
head camshaft operating gear. 


speed is sufficiently high. In addition, should more 
rapid opening and closing rates be desired to im- 
prove engine ‘‘breathing’’, valve bounce and float 
can also occur. To overcome these problems and still 
use very high opening and closing rates, Mercedes- 
Benz used a “‘desmodromic’’ valve system for their 
W-196 Grand Prix racing car. In this design, illus- 
trated schematically in Figure 17, the opening and 
closing valve motion is positively controlled by the 
cam and no valve springs are used. In this system, 
extremely high opening and closing rates can be 
employed and long valve “dwell” periods can be 
used, This permits the valve to open quicker, stay 
open longer, and close faster than more conven- 
tional systems, thus giving improved engine “‘breath- 
ing’ which allows a considerable boost in the 
specific engine output, particularly at high speeds. 

Almost all overhead valve operating mechanisms 
are operated from the crankshaft through either 
gears or chains. One interesting design which does 
not use either chains or gears is the N.S.U. Prinz II 
This design utilizes a pair of connecting rods oper- 
ating from eccentrics on the crankshaft to transmit 
a rotation to the camshaft which has similar eccen- 
trics. This eliminates the need for gears or chains 
and presumably reduces the cost of the overhead 
camshaft design. This design is shown in Figure 18. 


Lubrication of Valve Systems 
The lubrication of overhead valve systems is not 
extremely difficult although a good quality lubricant 
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isa “must,” since high specific loads exist between the 
tappet and the camshaft. In addition, scoring of the 
valve rocker shafts or valve stems may also occur 
should the oil be deficient in load carrying ability. 
Aside from the loads involved in these systems, the 
overhead valve chamber is usually the coolest place 
in the engine and, therefore, tends to accumulate 
and condense the water formed by combustion of 
the fuel. This is especially true if the car is used for 
short trips where it is not thoroughly warmed up. 
This condensation of water tends to cause rusting of 
the valve covers and valve springs. The resulting 
corrosion of the valve cover causes small abrasive 
flakes of rust to fall into the oil and promote wear. 
Corrosion of the valve springs tends to cause early 
valve spring failure, particularly under highly 
stressed conditions. 

To overcome these difficulties, a good grade of 
detergent oil is required. Most “HD” oils will 
materially reduce wear of the valve system and also 
protect against corrosion and possible valve spring 
failure. 

COMBUSTION CHAMBER DESIGN 

Aside from the overhead valve systems discussed 


above, both United States and foreign manufac- 
turers utilize the “L” and ‘‘F” head arrangement. 
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Figure 19 — Schematic diagram of an “L" head combustion 
chamber showing volume necessary to allow valve clearance 
and gas transfer. 
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Figure 20 — Schematic diagram of an “F" head showing vol- 
ume necessary to allow valve clearance and gas transfer to 
the cylinder. 


The “L” type of combustion chamber has been 
widely used in this country for many years and is 
still used in one or two United States models. It is 
also used in a few models of foreign automobiles, 
such as the small British and German Fords, the 
Morgan and the Simca. This design is so arranged 
that both the intake and exhaust valves are in a cyl- 
inder block and operate vertically and parallel to the 
cylinder bore. This is shown schematically in Fig- 
ure 19, The head, which contains the combustion 
chamber, is designed so as to permit the transfer of 
intake and exhaust gases from the valves to the cyl- 
inder. This arrangement restricts the compression 
ratio which can be used since there is a minimum 
combustion chamber volume which must be main- 
tained in order to allow for valve opening clearance 
and gas flow. This in turn limits the specific output 
of the engine. It is interesting to note that this 
design is now utilized in but a few engines, both 
here and abroad. 

An improvement of the ‘‘L” head is the “F”’ head 
design. This has been successfully used by both 
Bentley and Rolls-Royce for many years. It is also 
used in a modified form by Rover. The design con- 
sists of an intake valve, mounted vertically in the 
cylinder head, and an exhaust valve mounted in the 
block. Figure 20 schematically illustrates a typical 
arrangement. While it is a successful design, it again 
does not allow a small enough combustion chamber 
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Courtesy of The Rover Co. Lid., England 
Figure 21 — Rover 90 engine showing modified ‘‘F'’ head com- 
bustion chamber and reduced combustion chamber volume. 


to permit the high compression ratio necessary for 
high specific outputs. The combustion chamber must 
again make room for the exhaust valve to open and 
allow for gas transfer to the exhaust valve. This 
limits the minimum size of the combustion chamber. 
It does have an advantage, however, in that the size 
of the intake valve is not limited and may, therefore, 
be as large as necessary to permit good mixture 
induction. 

A variation of this design is also used in the 
Rover engine, shown in Figure 21, wherein some of 
the difficulties mentioned above have been circum- 
vented by placement of the exhaust valve in a more 
horizontal position. This improves the exhaust gas 
flow from the cylinder and reduces the amount of 
combustion chamber volume which must be allowed 
for the exhaust valve motion and gas flow. It also 
permits good intake gas flow since the intake valve 
size is not limited. 

A majority of the push rod-operated overhead 
valve designs use a modified wedge-shaped combus- 
tion chamber wherein the valves are arranged ver- 
tically. Typical examples of this type of design are 
found in the Renault Dauphine, Triumph TR-3, and 
Ford Taunus 17M, shown in Figures 6, 9, and 13. 
Some manufacturers while using push rod operated 
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overhead valves, use special designs so as to incline 
the valves and obtain a hemispherical combustion 
chamber. Such a design is found in the Armstrong 
Siddeley Sapphire Engine shown in Figure 22. 

In overhead camshaft engines the use of inclined 
valves can more easily be attained. Typical of these 
designs is the Lloyd 600 shown in Figure 3. While 
this is an air cooled engine it does show the general 
placement of parts which are necessary to attain the 
hemispherical combustion chamber with a single 
overhead camshaft. 

The use of double overhead cams not only facili- 
tates inclined placement of valves but makes it 
almost a necessity. For this reason most if not all 
double overhead camshaft designs utilize the hem- 
ispherical combustion chamber. A typical arrange- 
ment of this type can be found in the Alfa Romeo 
shown in Figure 16. 


OTHER ENGINE DESIGN FEATURES 
Aside from cylinder arrangement and valve sys- 
tems, most foreign engines are more or less conven- 
tional in design except that several such as the AC, 
Renault, Triumph TR-3, and Alfa Romeo utilize 
wet sleeve construction. This means that the cylin- 
der is not an integral part of the engine block, but 
is removable and therefore can be replaced readily 
should the need arise. This arrangement has some 





Courtesy of the '' Automobile Engineer,’’ London, England 


Figure 22 — Armstrong Siddeley Sapphire engine showing 
pushrod operated overhead valves and hemispherical com- 
bustion chamber. 


[ 170} 





LUBRICATION 


advantages in that it assures that the cooling rate 
from the cylinder wall is essentially constant 
throughout its circumference since the cylinder wall 
is of uniform thickness. It also permits the use of 
special alloys for the cylinders which would not be 
practical for use in the entire cylinder block 
assembly. 
COOLING SYSTEMS 

Aside from the air-cooled engines mentioned 
above, cooling systems are also rather conventional. 
All engines of recent manufacture utilize a pressure 
type of cooling system operating between three 
and fifteen pounds per square inch. In most in- 
stances the radiator is placed ahead of the engine. 
However the DKW, Renault, Saab and Citroen 
DS-19 among others place the radiator behind the 
engine. The Fiat 600 places the radiator besides the 
engine to conserve space. 

IGNITION SYSTEMS 

Ignition systems are also generally conventional 
with the exception of some of the racing engines 
which utilize twin ignition to fire two spark plugs 
per cylinder. Most use battery ignition operating 
through a conventional distributor and coil arrange- 
ment although a few use a magneto to generate the 
spark. As mentioned previously, under our discus- 
sion of the economy car, the four-stroke Citroen 
2CV, as well as several of the two-stroke engines, 
utilize a simplified ignition system wherein no dis- 
tributor is used and the spark plugs are fired every 
revolution of the engine. No American design util- 
izes this feature with the exception of the Harley- 
Davidson motorcycle. 


FUEL SYSTEMS AND REQUIREMENTS 

Fuel systems and carburetors are generally con- 
ventional with a few exceptions. A few manufac- 
turers utilize a fully pressurized fuel system in which 
the pump is placed in or near the fuel tank and the 
complete system from the tank to the carburetor is 
pressurized. Among those which utilize this system 
are the Mercedes-Benz 300 SL and the Jaguar Mark 
VII and XK-150. Needless to say this arrangement 
considerably reduces the chance of vapor lock and 
the embarrassment of having a stalled engine in 
heavy traffic. 

Many cars use only one carburetor, even when 
feeding four or six cylinders. Examples of this are the 
Vauxhall Cresta six-cylinder engine which is shown 
on Figure 23 aud the Renault Dauphine engine 
which is shown on Figure 6. In those engines where 
high performance is desired, it is the custom to 
utilize two or more carburetors to feed four or six 
cylinders. These may either be of downdraft or side- 
draft design. A typical example of the two carbu- 
retor downdraft design is the Mercedes-Benz 220S 
engine, which is shown in Figure 24. There are 


Courtesy of Vauxhall Motors Lid., England 


Figure 23 — Vauxhall Cresta six cylinder engine showing 
single Zenith downdraft carburetor. 


several manufacturers, particularly British, who use 
a sidedraft S.U. or an Amal carburetor. Both these 
designs use a sliding piston which completely fills 
the carburetor air passage. As the throttle is opened, 
the piston slides up and uncovers some of the throat 
area and permits the passage of the desired amount 
of air. The advantage of this design is that at full 
throttle the piston is completely withdrawn and the 
air flow to the engine is unrestricted. In a conven- 
tional carburetor both the throttle shaft, throttle 
plate and the auxiliary venturi are in the direct path 
of the air flow and thus tend to restrict its flow. For 
the most part, the use of the S.U. carburetor is 
restricted to those engines which can use a side 
mounted carburetor. 

Typical examples of this type of installation are 
found in the Jaguar XK-150 engine, which is shown 
in Figure 11 and the Volvo PV-444L engine which 
is shown in Figure 25. 

While carburetors are almost universally used in 
Europe, there are two German engines which utilize 


Courtesy of Daimler Benz AG, Germany 


Figure 24 — Mercedes-Benz 2205S six cylinder engine showing 
twin Solex downdraft carburetors. 
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fuel injection. These are the Goliath two-cycle en- 
gine and the Mercedes-Benz 300 SL engine. Both 
of these utilize direct cylinder injection. Mercedes- 
Benz also uses fuel injection in their 300 D engine. 
However, in this design the fuel is injected into the 
intake port prior to its entry into the cylinder. 

The fuel requirement of the average European car, 
especially as imported into the United States, is 
not critical. Their basic designs utilize compression 
ratios and spark advances which are satisfactory for 
European fuels whose octane values are generally 
below those obtained in the United States. Even 
when compression ratios and spark advances are 
changed so as to make better use of the higher octane 
fuels available in the United States, their octane 
requirements are generally well below the octane of 
domestic premium fuels. 

Fuels containing Tetra Ethyl Lead (TEL) are 
widely used in Europe, consequently European cars 
have been designed to utilize its benefits. Non- 
leaded fuels are not necessary and will be harmful 
if they have inadequate octane or gum stability. 


LUBRICATION SYSTEMS 


For the most part, European engine oil systems 
are similar to those used in the United States. They 
are full pressure systems incorporating a full flow 
oil filter. Splash lubrication is almost non-existent 
except in some of the older engine designs. Two- 
stroke engines use oil added to the gasoline as 
discussed earlier. An example of a modern fully 
pressurized oil system which is equipped with a full 
flow filter is found in the Alfa Romeo Giulietta 
shown in Figure 26. 

A few manufacturers continue to specify certain 
brand names which are to be used in their cars, and 
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Figure 25 — Volvo PV-444L four cylinder engine showing twin 
$.U. side droft carburetors. 
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Courtesy of Alfa Romeo, Italy 


Figure 26 — Alfa Romeo Giulietta engine showing fully fil- 
tered pressurized oil system. 


. Oil (lubricant) feeding union. 

. Picking up from the sump through oil filter. 

. Lubricant Pump. 

. Oil Filter. F 

. Safety Valve (Pressure Relief Valve). 

. By Pass Valve for excluding the filter in case of clogging. 
. Main oil gallery. 

. Duct for the lubrication of intermediate gear. 

. Ducts for lubricating of the camshafts. 

10. Duct for the lubrication of distributor control gears. 
11. Oil gauge. 


CONOUhWNH— 


these brand names are shown in the owner's manual 
as well as on a nameplate attached to the fire wall or 
to the engine filler cap. The practice of recommend- 
ing products by brand name tends to give the impres- 
sion that only those oils will be satisfactory in the 
engine. However, most manufacturers will approve, 
upon inquiry, any good quality oil. This would 
include a majority of the oils manufactured in 
America. 

A more complete discussion of the engine lubri- 
cation requirements will be included in a subsequent 
issue of “Lubrication”. This will cover such points 
as oil quality, viscosity recommendations and drain 
periods. In addition, a discussion of the lubrication 
requirements of other chassis units such as the trans- 
mission and differential will also be included. 


SUMMARY 

European cars are becoming an increasing eco- 
nomic factor in the domestic automotive picture. 
They are available in a wide variety of sizes and 
designs many of which contain unusual features. 
Engine sizes are small compared to United States 
standards although their specific power outputs are 
comparable, Fuel economies are generally higher 
due to their smaller engine size and lighter chassis 
weights. European cars can successfully use the 
petroleum products that are available in the United 
States. 
Printed in U.S. A. by 
Salley & Collins, Inc. 


305 East 45th Street 
New York 17, N, Y, 





TIPS FROM 
TEXACO 





“WHY TIRES GET TIRED” 


IT was 4 A.M. in the parking lot and the tires 


got talking. 

“Boy, it’s tough,” said the left rear. “Car- 
rying car tonnage at 70 M.P.H. is bad enough 
without the driver punishing us, too.” 

“Yeh, sudden starts, stops and fast, sharp 
turns grind off rubber,” said the right rear. 

“Banging and scraping against curbs and 
rocks is bad,” added the right front. “And 


under-inflation shortens our lives.” 

“Yes,” replied the left front. “And the 
front wheels have excessive toe-in that’s 
scraping us to the cords. When I blow the 
boss won’t like it.” 

Smart drivers save. They have their tires 
checked (and rotated) regularly by their 
Texaco Dealer ... and they buy their new 
tires from him — and batteries, too. 





Why smart drivers don’t 


get tired! A rough-rid- 





ing chassis tires you, without your knowing why. It’s 
worse if you get squeaks and rattles. That’s the reason 
Texaco developed cushiony, smooth-riding Marfak 
chassis lubrication. Makes riding and handling easier 
and safer. Marfak seals itself in against dirt, dust and 


splashed water. Protects against wear. See your Texaco 


Dealer — the best friend your car has ever had. 


TEXAC 





THE TEXAS COMPANY 


DEALERS 


IN ALL 48 STATES 


Texaco Products are also distributed in Canada, Latin America, and Africa. 





MORE GASOLINE MILE- 


TESTS PROVE YOU’RE PROTECTED. Night 
and day ... mile after mile of road testing 
proved that your engine is protected under 
all driving conditions . . . at all tempera- 
tures in and outside your engine . . . at 
all seasons of the year . . . with Havoline 


Special 10W-30 Motor Oil. 


MOTOR Oll 


AGE. This free-flowing oil 
makes starting easy, any 
time. Its tight piston seal 


conserves power on the 
road. Both save gasoline. 
Special meter shown here 
registers mileage and speed 
of road tests. 


THE OfL THAT THINKS 
FOR ITSELF 
—to save you thinking about 
seasonal grades. 


The oil the test fleets couldn't break down 


A million test miles prove it 
best for your car 


IN ONE all-temperature grade, new Havoline 
Special 10W-30 scored new highs for quick, effort- 
less starts, in greater delivered power, in wear- 
proofing engines. 

Unlike ordinary oils this completely new-type 
oil stays free-flowing at cold starting temperatures 
—yet maintains full lubrication and a power-saving 


piston seal under the most intense engine heat. 

The result is substantially reduced friction, 
increased power and increased gasoline mileage 
plus freedom from harmful carbon, varnish and 
sludge. 

Oil like this keeps your engine young, quick 
starting, powerful. Change now, change regularly 
and save with more efficient, more economical 
Havoline Special 10W-30 Motor Oil. 

See your Texaco Dealer, the best friend your 
car has ever had. 


THE TEXAS COMPANY ° * * DIVISION OFFICES 


ATLANTA, GA... ..864 W. Peachtree St., N.W. 
BOSTON 16, MASS 20 Providence Street 
Seprrnte.B, NY. ec weigdac nes P.O. Box 368 
BUTTE, MONT 220 North Alaska Street 
CHICAGO 4, ILL... ..332 So. Michigan Avenue 
DALLAS 2, TEX 311 South Akard Street 
DENVER 3, COLO 1570 Grant Street 
SEATTLE 1, WASH 


TEXACO 


HOUSTON 2, TEX 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 5, CAL 3350 Wilshire Blvd. 
MINNEAPOLIS 3, MINN... . . 1730 Clifton Place 
NEW ORLEANS 16, LA 1501 Canal Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 2, VA... ..3300 E. Princess Anne Rd. 
1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 





